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АВ5ТКАСТ 


This paper discusses the hover performance of a remotely piloted 
helicopter (RPH) and the suitability of the use of this RPH in the 
academic environment of the Naval Postgraduate School Aeronautical 
Engineering Department. The methods used are those used in the 
Helicopter Performance Test Manual of the U.S. Navy Test Pilot School. 
When testing remotely piloted aircraft for use with the military, there 
is a necessity to test a product to specifications. These specifications 
may be similar to those of a full sized aircraft. The test methods used 
are adequate for the testing of RPH's for specification but the use of 
this equipment in an academic environment is not safe enough without 
major modification. The RPH has enough excess lift to carry a small test 
instrumentation package in forward flight. If the RPH is used only in a 
laboratory environment for the demonstration of hover performance; the 
gas engine can be replaced with an electric motor and a plexiglas shield 
can be used between the students and the RPH to satisfy necessary safety 


precautions. 
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ше INTRODUCTION 


В GENERAL HISTORY 

In the early nineteenth century, an improved version of 
a French helicopter was successfully flown [Ref. 1]. Scaled 
down helicopters were recognized by the early pioneers in 
helicopters. Layley, Launcy, and Bienvenu were early desig- 
ners of helicopters and their potential; including scaled 
down models. Igor Sikorsky is credited with the first prac- 
tical full sized helicopter in 1939, the VS-300, which had a 
functional solution to the stability and control problems of 
the time and a useful payload. From these beginnings, the 
modern day helicopter has evolved into very sophisticated 


а шие тегсаве те aircraft. 


В. RECENT PROGRESS 

As technology has advanced, modern warfare has made 
detection and destruction of aircraft easier. Systems are 
being developed to protect manned aircraft or decoy weapon 
systems away from manned aircraft. The latter is where 
remotely piloted vehicles (RPV) are becoming more and more 
important. Rather than fill a helicopter with personnel for 
an aerial reconnaissance, a remotely piloted helicopter 
(RPH) with attached sensors may do the same job without 


hazarding personnel or a much more expensive aircraft. Model 


fixed wing aircraft have been remotely piloted for many 
years. Only recently, as compared to model fixed winged 
aircraft, have model helicopters been flown. The first 
successful radio controlled model helicopter flight was com- 
pleted on 12 April 1970 by Dieter Schluter Ihe тое 
lasted 5 minutes [Ref. 2]. Both RPV's and RPH's have advan- 
tages and disadvantages. RPV's can fly at a relatively high 
altitude and can be very quiet but require a trapping 
mechanism to capture the vehicle upon return. Ап RPH can be 
landed with no other equipment and in comparatively small 


unprepared areas but have a much higher noise level. 


C. HISTORY OF "۰" 7 

This project was originally started by Captain C. J. 
Hintze, USA, when he constructed this Heli-Star remotely 
piloted helicopter (RPH) from a kit for the Aeronautical 
Engineering Department of the Naval Postgraduate School 
[Ref. 3]. This helicopter was intended to be used in some 
manner in the study of the aerodynamics of helicopters in a 
laboratory setting. Exactly how it was to be used had not 
been determined. Capt. Hintze suggested the RPH could be 
used to study the differences between full sized and scaled 
down helicopters. Performance parameters were considered to 
be the first measurements to be studied. One of the most 
significant performance parameters of a helicopter is the 


vertical lifting capability. As such, Lieutenant M Ms 
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undertook a project to develop a device to measure the hover 


performance of the RPH [Ref. 1]. 


DEGSOBJECITVE AND SCOPE 
This project was undertaken to continue the process of 
developing a means of utilizing the RPH as a laboratory tool 
at the Naval Postgraduate School. The objective of this 
ри се таз. 
1. Utilize the test stand as designed by Lieutenant Urda 
with no changes to determine if the minimum sophis- 


tication employed is adequate to take acceptable data. 


2. Determine if the test techniques used in [Ref. 4] on 
Il iS helicopters can ре utilized on RPH's. 


3. Grade the amount of operator expertise to take the 
data and operate the equipment. Depending on this and 
the data collected, evaluate the RPH and test stand as 
an academic tool. 


4. ТЕ the equipment can be used as an academic tool, 
deduce how and in what capacity it may be used. 
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II. APPROACH 


A. CONSIDERATIONS 

In order to obtain hover performance data, a decision 
was required as to what parameters were to be measured and 
by what method. In order to take data for hover performance, 
there were several methods available that are similar to 
those used in full sized aircraft testing. In addition, 
operator familiarity and helicopter preparation/maintenance 
were required prior to the taking of data. The following are 
a discussion of some of the methods, the reasoning for ac- 
cepting or rejecting each method, and the operator and 


helicopter preparation. 


B. THRUST MEASUREMENT 
1. Free Flight 
Free flight as used in full size helicopter testing 
was not considered seriously due to the lack of instrumenta- 
tion that could be put the RPH. Highly complicated equipment 
would be required to telemeter the data to the ground. Above 
all, high operator proficiency would be required to free fly 


the RPH well enough to obtain usable data. 


Ша 


2. Tethered Flight 


The original idea was to used the method of tethered 
hover. The tethered hover method is the preferred method for 
full size helicopters because this method is exact and 
produces excellent results [Ref. 5]. The aircraft is secured 
to the surface by a known length cable. The weight of the 
cable is added to the weight of the aircraft for calcula- 
tions. There is a load cell attached between the cable and 
the aircraft in order to measure the amount of lift the 
rotor system is producing. Thé pilot is required to maintain 
a constant heading and keep the aircraft directly above the 
attachment point on the surface with no aircraft movement. 
ШЕ рт сее ек тете арр еа оспе КРН, pilot proficiency 
would have to be very high in order to keep all the possible 
variables constant. This procedure was not selected because 
of the high pilot proficiency required and the amount of 
Ш -1 201 1 0011:64 to obtain that proficiency [Ret. 1]. 
Additionally, there is always the ever present possibility 
ши аг 1100-2016” ЕП le conducting these tests. 

ав Shaft Design 

A variation of the tethered hover method is the 
БОЕ БАСЕ his design would allow the RPH to be at- 
tached to the test apparatus and eliminate the need for high 
pilot proficiency and reduce the possibility of crashing. 
Figure B.l is a drawing of the sliding shaft design. The 


shaft is 6 feet long. At the base is attached a load cell 
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which is in turn attached to a wooden support stanchion 
(2"x4"). The attachment points can be 14 гс 40 rn 
increments up and down in order to adjust the hover height. 
At the top of the shaft, the RPH is rigidly attached. This 
entire apparatus is attached such that the RPH is above the 
floor and the shaft goes through a hole in the floor. By 
raising or lowering the shaft on the support stanchion, the 
RPH can be raised or lowered in or out of ground effect. The 
pull of the RPH on the load cell is used to determine the 
lift produced by the RPH. The load cell selected was the In- 
terface, Inc., Super-Mini load cell, model number SM-25. The 
load cell electrical schematic is presented in Figure B.2. 
The load cell was calibrated with an excitation voltage of 
9.004 volts and the raw data is presented in Table A.I 


[КеЁ. 1]. 


C. POWER MEASUREMENTS 

The engine was manufactured in Austria and no immediate 
information was available [Ref. 4]. In order to obtain any 
testable relation between engine rpm and power would require 
independent testing. Testing locally would require the pur- 
chase of a dynamometer at a cost of $1000-$2000 and disas- 
sembly and reassembly of the RPH. The other alternative 
would be to instrument the engine power shaft on the 
helicopter. This is quite difficult due to the small size 


and location of the engine shaft. The manufacturer was 
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contacted and information relating engine rpm and power was 
obtained. The data received was in watts and metric horse- 
power vs. engine rpm. (Ref. 4] 

The following was used and the translation between 

metric and english units: 

l metric hp = 735.5 watts = 0.986 english hp 
The relation between engine rpm and engine power is 
presented in Tables A.II and A.III. This last approach was 
chosen because of ease of incorporation and had sufficient 
accuracy for the intended use of the data. [Ref. 1] 

In order to correlate the power to the rpm, the rpm had 
to be measured. A magnetic pickup was used to measure engine 
and rotor rpm. Figure B.3 shows the magnetic pick-up in 
relation to the first engine driven gear. The reason a 
single pick-up was used was to simplify the instrumentation 
[Ref. 4]. The wire is routed beneath the RPH and is weighted 
oul Onl the floor prior to being attached to a counter. The 
teeth were counted on the gear train of the RPH and the fol- 


lowing ratios were established [Ref. 4]: 


Engine gear teeth 10 
Main rotor gear teeth 80 
Main rotor speed = Engine speed/8 
Tail rotor teeth 70 
Bevel tail rotor teeth 5 


СЕО БО turnas to main rotor turns 65/18 
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ЭОЕ 7 


Tail rotor speed 


Tail rotor sDecd тте етее 2? 


В. -HELICOPTER FREFARATION 

The RPH was in need of some repair prior to the initial 
startup. During the previous testing and validation Gi LNG 
test stand, the RPH had experienced vibration problems [Ref. 
1]. New blades had been purchased for the RPH but had not 
been balanced. A simple method as outlined in [Ref. 2] was 
used. The two blades were bolted together at the blade grip 
attachment points. The bolt was long enough to protrude ap- 
proximately 1/2 inch on each side. The bolts were then put 
on two razor blades mounted in two wooden blocks, Figure 
B.4. Blade tape, provided with the new blades, was then used 
to balance the blades such that when disturbed, the blades 
stopped with the tips equidistant from the table хор. 

Once the blades were balanced, the blades needed to be 
adjusted in pitch to rotate in the same plane. Instead of 
attempting to track the blades and set the correct pitch for 
flying, the RPH was taken to a local RPH model flying club. 
One of the more experienced operators set the pitch by means 
of a pitch setting device (Figure B.5), tracked the blades 
by trial and error, and tuned the carburetor. He then flew 


the RPH to ensure that this set-up was correct. 
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Е. OPERATOR PREPARATION 

Operator familiarity with the equipment was not very ex- 
tensive at the beginning and remained fairly low throughout 
testing. The first time the RPH was started, the remote con- 
trol was inadvertently turned off, and the RPH went to full 
throttle. With the remote control off, directional control 
шан ОБЕ. une REN began spinning and the tail rotor struck 
the starting battery. The remote control was finally turned 
шид 010 12 0 аз shut down. One tail rotor had broken off, 
the blade grip had a broken pitch change link, and the tail 
rotor control rod was twisted around the tail rotor shaft. 
New blade grips and a tail rotor control rod were ordered 
and installed. Several more trial runs were completed with 
the learning curve increasing with each successful start. 
Finally, the RPH was in adequate running condition and 
operator familiarity was high enough not to damage the RPH 


when taking data. 
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ІІІ: ТЕЗІ А КЕСЕЛ 5 


А, DESCRIPTITONTORREQUTEMENT 


1. The Helicopter 
The RPH is a Schluter model Heli-Star. The RPH 


without the nose cover is shown in Figure B.6. The main 
rotor is a symmetrical airfoil 52.31 inches in diameter. The 
cord is 2.57 inches and is 0.39 inches thick. The main rotor 
is 14.3 inches above the bottom of the skids. The tail rotor 
is another symmetrical airfoil 10.5 inches in diameter. The 
cord is l inch and is 0.35 inches thick.: The ес то. 
hub is 31.25 inches aft of the main rotor and the nose, 
without the cover, is 18 inches ahead of the main rotor. The 
overall length from tip of main rotor to tail rotor is ap- 
proximately 62.7 inches long. The width at the skids is 12.6 
Tile ire s 

The RPH is powered by a HP-61 Gold Cup series 2- 
cycle engine manufactured by Hirtenberger of Austria. The 
bore is 24.5 mm, a stroke of 21 mm, giving a displacement of 
9.89 ccm. The fuel consists of a mixture of normal glofuel 
with 5-154 nitro-methane. The engine rpm range is from 2400 
to 200003 ipa. 

The RPH is controlled vith ОШ ао о ٣ 
servos model FP-S28 made by Futaba Corporation. Опе servo 


each controls cyclic pitch and roll and опе 10:40 00 ата 
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posoreheclremagm$NP servo controlled both the collective 
pitch and the engine rpm. Using only one servo did not allow 
the independent control of these two parameters. The servos 
are remotely controled by a four channel digital propor- 
tional radio controller model FP-4L also made by Futaba Cor- 
poration, Figure B.7. Both the servos and controller are 
powered by rechargeable nickel-cadmium batteries. 

The RPH was operated without nose cover because of 
the difficulties in controlling engine speed. If the engine 
could not be shut down, all controls could be reached with 
the RPH running. 

2. The Test Equipment 

The test equipment is shown in Figure B.8. The volt 
meter was a Fluke Digital Multimeter, model 8600A serial 
#0855115. The voltage supply for the loadcell was a SRC 
Division/Moxon Incorporated model 3564 serial #14061. The 
digital counter was a Monsanto Counter Timer model 101A 
serial #675A460. The temperature and barometric reading were 
taken from a Noymer temperature and barometric indicators 
(not shown in Figure B.8). 

The RPH is mounted to the sliding shaft via a plate 
mounted on the skids. The mounting devices are plastic ties, 
Figure B.9. The plate is visually aligned with the main 
rotor shaft such that the rotor shaft is in-line with the 


s erding shart.: 


ша 


Ba TESI AREA 
The test area is shown in FPigures 5 2 022727 0022 
There are numerous walls, tables, and other obstructions im- 


mediately around the RPH when mounted on the sliding shaft. 


C. DATA 

Hover data was taken at three skid heights, 2, 10, and 
35 inches at 190C and 30.11 inches Hg pressure. The data 
taken is presented in Table A.IV. 

Only one set of data was able to be taken. When the RPH 
was started for subsequent data, the engine could not be 
controlled properly. The carburetor had become loose and 
when tightened, could not be properly adjusted to control 
the rpm. 

The suggested procedures followed to adjust the car- 
buretor came from [Ref. 2]. Once the RPH was started, the 
rpm was allowed to increase so that the high rpm fuel to air 
mixture could be Sêl first. Ты КеП the сеа о 
reach underneath the rotating main rotor to make the proper 
adjustments. The main rotor is only 14.3 inches above the 
bottom of the skids. This did not allow much room for safety 
between the operator and Ele eta en eee Oma 

During previous familiarity operations, the maximum en- 
gine rpm attained was approximately 13000 rpm. When taking 
the hover data, the maximum engine rpm was limited to ap- 


proximately 12000 engine rpm. This limit was based on the 
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Sound of the engine as compared to the maximum rpm of RPH's 
punc E ocadehwbbyrsts. This rpm is considered to be 
maximum continuous rpm by these hobbyists. 

When the RPH was in operation, the ventilation in the 
testing area was not adequate to exhaust the fumes. In ap- 
proximately 20 minutes after starting, the fumes were 
noticable in smell and in minor irritation to the eyes and 
nose. 

2۰٠۴۰۰۱۰۷١۰۹۶۰ ٢ ٢ ٭‎ , but notably at 35 inches, the main rotor 
tip-path-plane oscillated in a counter-clockwise direction 
at a slow frequency. This frequency was dependent on the 
main rotor rpm but was observed to be approximately 2 Hz. 
These oscillations could not be stopped with any of the 


controls, 


В (RESI 5 

The data was reduced using the data reduction methods 
outlined in the hover performance section of [Ref. 5] using 
a standard rotor rpm as 1350. This standard rotor rpm was 
chosen as the approximate median of the data taken. The fuel 
used at each hover height could not be measured directly. 
The fuel burned between the different hover heights was 
about 0.1 lbf, therefore the starting weight was assumed 
constant at each hover height. А short basic program incor- 
porating these methods was written to reduce the data and is 


included in Appendix D. The reduced data is presented in 
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Table V. Figures B.13 and B.14 show the data іп a manner 
consistent with [Ref. 5]. The Mines Ее їе E 


the data for the three different hover heights. 


E. DISCUSS 

The data taken from the loadcell had a low confidence 
factor and are suspect because of the large fluctuations on 
the digital voltmeter. The fluctuations were up to +0.5 mv 
on the voltmeter. 

The voltmeter data was mentally averaged when the data 
was taken. Considering the averaging, the data still showed 
that more power was required to lift the same weight as the 
hover height was increased. This is an expected result of 
helicopter hover performance. The slope of the line should 
decrease from the lowest hover height to the highest hover 
height. The data did show this trend but with а 2 2 0 0 
of +0.5 mv on the Јоабсе11, а varlatvon оё р тог 2 ٥٦ 
weight referred3/2 could occur. This variation would allow 
the slope of each line to change significantly. 

There are several reasons for these fluctuations: (1) 
because of obstructions located close Еомер кепе иави 
flow from the rotor system could пот стесо аве , а 
(2) the flooring was 1/2" plywood laying on open metal grat- 
ing, Figure 8.15, «їЇїс гт пи 758 rigidity and moved when 
walked upon, and (3) the supoort stanchion on which the 


loadcell was mounted was rigidly attached to the underside 
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GC wlecotme rooming, which would transmit any vibrations of 
the flooring to the loadcell. 

The data was reducted by the methods outlined in [Ref. 
5]. When the weight referred is taken to the 3/2 power and 
plotted versus the referred engine shaft horsepower, the 
data points should all lie on a straight line with the in- 
tercept of all the lines on the abscissa being the profile 
power of the rotor system. The data was entered into a 
linear regression program without regard to the profile 
power and the abscissa intercept (profile power) was -9.248 
to -0.1956 ESHP referred. This made the raw data more 
suspect because the profile power cannot be negative. The 
profile power for the main rotor and the tail rotor were 
calculated as shown in the sample calculations in Appendix 
C, and the two values added gives 0.0221 horsepower. This is 
the value used for the power require to turn the rotor sys- 
tem. Anchoring the referred data to this point yields use- 
able hover performance data for the RPH. Using this approach 
gives an estimate of the lifting capabilities of the RPH un- 
der different altitude sea level conditions. 

The 2 inch skid height is a 16.3 inches rotor height 
which is an in-ground-effect (IGE) hover height. The 35 inch 
skid height is 49.3 inches rotor height and is approximately 
955 of the rotor diameter. This rotor height can be con- 
sidered sufficiently high enough to be an out-of-ground- 


effect (OGE) hover. 
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Using the handbook maximum engine rpm equates to over 
2.5 horsepower. This exceeds the horsepower that can be an- 
ticipated from this engine using the local hobbyists limits 
of 13000 engine rpm. Using this limit as the maximum 
results in 1.51 horsepower. Entering Figure B.13 or B.14 
with this horsepower referred to sea level standard day, 
results in a maximum gross weight of 19.58 lbf at a skid 
height of 2 inches. Entering the same figures with the same 
referred horsepower results in a standard day maximum gross 
weight of 18.09 lbf at 35 inches skid height. This gives a 
useful load of approximately 80-90% of basic weight. This 
amount of useful load is a bit high, but considering the 
data, is reasonable. 

One of the methods of presenting data outline in | Ее. 
5] allow the estimation of the hover ceiling for a given 
helicopter. This method requiresemanttaturer дава on tae 
ESHP available at different pressure altitudes. this data is 
not available; therefore, the hover 9١" DB 
cannot be established. 

The least amount of variation in the load cell voltage 
was observed at the 35 inch hover height. This may be due to 
the down wash of the rotor not having as much impact on the 
flooring; therefore, transmitting less vibration back to the 
load cell. 

The tip-path-plane oscillations could be due to the 


thrust vector not being in-line with the Sliding al bs 
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Because the mounting plate is visually aligned with the 
rotor shaft, the thrust going through the center-of-gravity 
СОИ ИО етос то tine with the sliding shaft. This misalign- 
ment could cause a bending moment on the sliding shaft. 
The oscillations could be this interaction between the bend- 
ing moment imposed and the sliding shaft elasticity. 

The adjustment of the carburetor was very hazardous and 
probably should not have been attempted even though the 
manual [Ref. 2] suggested the procedure. An alternate method 


or a safer procedure is needed to adjust the carburetor. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


А, SUITABILITY OF THE EQUIPMENT 
1. The RPH 

Limited data was taken prior to the RPH becoming in- 
operable. The amount of time spent on learning the operation 
and maintenance of the RPH was far greater than expected. 
The many moving parts and required maintenance make the RPH 
a very complex teaching aid. This complexity limits the 
utility of the RPH in the academic environment. The reliable 
operation of the RPH was one of the limiting factors in 
taking data. 

From the data taken, this RPH or ones similar have a 
large enough useful load to carry an instrumentation package 
of limited scope. This instrumentation package could be 
setup to take in-flight data. 

2. The Thrust Stand 

The thrust stand and associated equipment operated 
as designed and the data taken, when reduced, produced most 
of the expected results of hover performance. Reducing the 
vibrations experienced by the load cell would increase the 
confidence of the data. 

3. Safety 
The operation of the RPH in close vicinity of per- 


sonnel and equipment and the method by which the motor is 
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НЕЕ Sale ln the present form, The potential for a 
Serious injury exists. Location should be changed or safety 
barriers installed around the RPH to prevent hazarding per- 


sonnel or equipment. 


B. RECOMMENDATIONS 
1, General 

The vibrations of the flooring transmitted to the 
load cell could be eliminated by isolating the floor from 
the sliding shaft. This could be done by (1) removing the 
low friction bearing mounted to the floor (2) disconnect the 
Support stanchion from the bottom of the floor (3) mount the 
bearing on top of the support stanchion and (4) brace the 
Support stanchion to the base support. These changes would 
isolate the load cell and sliding shaft from the flooring 
and still maintain the necessary rigidity. 

For safety, a barrier of plexiglas or equivalent 
should be placed between the RPH and any personnel. This 
could be portable and not permanent but would eliminate the 
potential of an accidental injury. The operator would still 
be required to work in close proximity of the RPH during the 
Starting procedure, but could move behind the plexiglas bar- 
rier to operate the controls. 

For maintenance in adjusting the carburetor, a 
separate test stand should be bought or built. Several ex- 


amples are given in the helicopter manual [Ref. 2]. By 
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mounting the RPH on a higher rigid platform would allow the 
operator to adjust the carburetor wich Suri шэг 7 
without danger of contacting the rotating rotor. The reason 
the sliding shaft could not do this job is because the RPH 
should not be started while resting solely on the load cell 
without damage to the load cell. If the sliding shaft were 
used, the RPH would be started with the sliding shaft all 
the way down, then raused to adjust the carburetor. If the 
carburetor were misadjusted, the sliding shaft would have to 
be lowered and the RPH restarted again. This would be ex- 
treamely time consuming. The load cell has a maximum force 
that can be applied prior to damage and this force can be 
exceeded during the starting procedure. 

In flight performance can be gathered because the 
RPH has an adequate useful load. The sophistication (cost) 
necessary in the airborne package would probably prohibit 
the use of the RPH for inflight performance веет еее 
limited use in an academic environment would not justify the 
expense, 

If the RPH is only to be used for hover performance, 
the gas engine could be replaced with an electric motor. 
This would eliminate the the exhaust fumes and the require- 
ment to adjust the carburetor while the RPH is operating. In 
addition, the controls would not need to be battery powered 
but could be run by a transformer located with the test in- 


strumentaion. 
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ВЕ По че utilized іп full sized helicopter 
testing can be used in testing of remotely piloted helicop- 
ters. There may be some disparity in the actual data because 
in the RPH tested there is no independent control of the en- 
gine rpm and the rotor pitch. This could be corrected by ad- 
ding another servo controlling only the engine rpm allowing 
independent control of the engine and rotor. This would com- 
pare directly with full sized helicopters. A standard rpm 
could be set and maintained with different pitch (thrust) 
being set. 

2. Specific 

The RPH should be used as an academic tool to 
demonstrate test techniques and show the relationships be- 
tween rotor diameter, power required, and rotor height in 
hover performance. This recommendation is predicated on 
replacing the gas engine with an electric motor. This would 
eliminate much of the maintenance and additional equipment 
required to operate the RPH. Batteries would not be required 
and glofuel would not have to be stored. The safety barrier 
would not have to be elaborate because operation of the RPH 
could be done at a distance with only the instrumentation 
close enough to be seen clearly enough to take data. Addi- 
tionally, this would allow the rpm to be controlled indepen- 


dently vet themrotor pitch. 
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APPENDIX A 


TABLES 
TABLE I 
LOAD CELL CALIBRATION DE 
Load Cell Output Weight on Load Cell 
Cmm sp on» (1598) 
(S 0.0 
1. 517 15-0 
2.438 221! 
3j. 2309 ЭР 
4507 4.0 
3. 071 4,315 
5.02) 35.0 
6.194 52915 
T2935 6... 315 
8.460 NS 
9.575 82115 
10721224 9 9َ ھ٤‎ 
1 ٢ 1602515 
222110 11:23 8 
14,104 12:23:15 
15.220 0295 
10. 52 [4 255 
17.480 05 
| э зол (۲) > 
19.663 lod» 


NOTE: Excitation voltage of 9.004 volts D.C. on load cell 
This data taken from Reference [Ref. 1] 
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TABELE ГЇ 
MONSANTO DIGITAL COUNTER 


CONVERSION 
Engine Engine Rotor 

Counter Frequency RPM ESHE RPM 

(120 (HZ) (HP) 

1667 Восит 10000 11:27 1230 

1833 18353 11000 19295 12375 

2000 20120 12000 12201 1500 

2167 2 27 13000 ЕЭ 1625 

2338 238213 14000 15529 W750 

2500 25090 15000 1.68 1875 

2667 Pob 16000 ] Z 7 2000 

2533 282213 17000 12227 2125 

3000 30070 18000 1.96 2250 

2172) 3 ۶ 19000 222012 2375 
Data taken from Reference [Ref. 4] 

ГҮР fit 
ENGINE RPM TO ENGINE HORSEPOWER 
CONVERSION 

RPM Watts N-M/sec Ft-1b/sec In-lb/sec ESHP 
(103) (103) (HP) 
10.5 1,490 1490 1099.0 1548 2222 2.00 
ISTO 1.460 1460 1076.9 120227 1.96 
Э 225 12229 0 ٦٣ 126129 1.91 
ШЕСІ) 1,392 1392 1020 28 125242): 87 
Gres T. 300 1360 100322 7+ ۴ moe? 
КӨРІ) Ї 1 ТЭ 971.4 01 ٢ 127 
[Ens 122281 11257 949.3 И ЗО 1222 
ЕО Шола 1255 025. 4 11488 , 2 1.606 
5 7 ۶ 1225 903.6 USL ers 
۳۷ 1.187 1187 05 5 1050603 1.59 
۶ 5 7 157 853.4 10240.58 19:55) 
Пэк (0+1 25 2125 829.8 9957.6 12:51! 
12225 1.095 1095 را‎ 9692.0 Шар 
122230) 708 3 1063 man 1 9404.8 143 
115255 ү 0 1040 Tot Il 0205.2 1,39 
ЕО 1.015 BOTS ПАТ 8966.2 122035 
OES 0.987 987 7280 SOL E2 
10.0 (DD 950 2002 8408.6 173221 
Data taken from Reference [Ref. 4] 
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TABLE IV 


RAW DATA 
Run Skid Weight Counter Load 
No. Height Start No. Cell 
(in) (mv) (mv) 

1 2 17.9 1740 1620 
2 2 17.9 1810 Tome 
3 2 КЛ О 1930 155 
á 10 ЕТ 1600 | ав 
5 10 17.7 17729 16.4 
6 10 177727 1785 15.6 
y 10 ЕД 1885 14.6 
8 95 17.6 1590 ЕР 
9 35 ۵ء۳‎ 1760 153 
10 35 7 1850 15:05 
11 35 1706 1790 15:22 
12 35 17.6 1650 167, 2 

OAT: 199C 

Date: 10-28-86 

Той Нес 07ذ‎ 

Weight of Shaft: 4.78 lbf 


SRC Division/Moxon Inc. 
Model #3564 
SerNo #14061 


Voltage Supply: 


Voltage Meter: Fluke Digital Voltmeter 
Model #8600A 
serNo #0855115 


Monsanto Counter Timer 
Model 101A 
SerNo #6754460 


Digital Counter: 


D 


TABLE V 
REDUCED DATA 


Run Skid Sura pit Load Weight Excess 
Number Height Weight Cell ESHE Test Thrust 
(im) Ib) (ту) (ШР) (Шо) (1ЬҒ) 
1 2 15.69 ۳7 ЭТ 1: 6 1,69 
2 2 15.69 (920 ЭЭ 18.09 2.29 
3 2 15 62 ши те 809 19,60 91 
4 10 Pos 5l 11522115 8225 15 387 0.36 
> 10 70 | IE / 90 10:68 12:16 
6 10 15.51 37:65 1.34 7. 38 1.86 
7 10 1551 ھ7028‎ O 12:25 12226 28۶ 5ھ‎ 
8 55 ПОЛА 14.98 6 122227 0:45 
9 25 [55542 77 70929 16.93 1 
1 39 15.52 15:50 6.37 img 1:86 
lal 35 7 ۷ 14.17 1.34 l667 18::2:3 
12 35 Шъ. 42 12077019 ҰЛ? 70+0۳08 0.36 
Кип Counter Engine Rotor E SHE Weight Weight 
Number Number RPM RPM Ref Ref кеғ3/2 
1 1740 10440 1305 1:27 18.74 31.14 
2 110 10860 0255 1.34 1802 76.49 
3 1930 00 80 1448 ] 29005 ٤,9 ШІ.18 
4 1600 9600 ۵ئ‎ 1.79 20.24 51 03 
5 1720 10320 1290 lE] 18.40 8. 92 
6 ШӨ 5 1097 TO 1339 15255 Io 1221! 
7 1885 11310 1414 15:24) 16:756 59.73 
8 1590 9540 1198 700 20.49 22.70 
9 1760 10560 1520 ел9 №7. 85 По. 39 
10 1550 1100 Шева 027 16,49 66.94 
11 1790 10740 1343 15222 16,98 70.00 
12 1650 9900 12258 1.66 ЕИО 52.30 
Date: ۴ی ۹۹ؤ ۶ھ‎ 
ОАТ: 190C 


hamamoter: ۶ی۹۹‎ 
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APPENDIX B 
FIGURES, PHOTOS, AND GRAPHS 





Figure 1 
Sliding 563 ۶ ۱ ٦ 
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Figure 2 
Load Cell Wiring Schematic 
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Figure 6 
Heli-Star Helicopter without Nose Cover 


Figure / 
ОЕ ара Radio Controller 
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Figure 
Test Equipment 
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Figure 9 
Heli-Star Mounting Plate Devices 
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Figure 11 
Test Area View 2 
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Figure 10 
Test Area View 3 
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Figure 13 
Weight Referred3/2 vs. ESHP Referred 
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Figure 14 
Weight Referred vs. ESHP Referred 
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Figure 15 
Test Area Flooring 
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APPENDIX C 
SAMPLE CALCULATIONS 


Profile Power of the Main Rotor 
R - radius = 26.16 inches = 2.18 feet 
НВ с+апдага = 1390 rpm - - standard rotor rpm 


Q - 1350211769 {141.4 rad/sec 


" 


Rotor 50 101087 

Op = (bec)/(T*R) - (eec)/(T*R) - 

Os x de t 

assume a Cao 9f 0.01 (high-conservative value) 


Air Density at Sea Level 
p = 2.37691 X 1079 Ib-sec?/£t^ 


A = area disc = RÊ =- 2148.29 in? - 14.98 ft^ 

(QeR)& = 2.927 X 107 £tJ/sec? 

Ромр = 1/8*O0p*Cqgo *0*A* (QR)? 

Pomp = 61.21 ft-lb/sec = 0.1477 HP 

Profile Power of the Tail Rotor 

Using the same formula for profile power as above with 
Rep s radius = 10.5 inches +٣٦ 


Tail rotor RPM main rotor rpm к 3.617 


13503.617 = 4.88 X 103 rpm 


OOtp = 0.1213 


again assume Cas = 0.01 


then Potr : 2.486 ft-lbf/sec - 0.00411 HP 


Using Pg total * PoMR * Potp = 0.1477 + 0.00411 
= 0.0221 HP 
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APPENDIX D 


BASIC PROGRAM LISITNG 


1,2... 
жж 


"жж 
EFE 
ETE 
Жз еп, Major, 
'жжжжжж 
'РАТЕЕ$ e @ o° ө е ө ө оо 
TOAT е ев е е в е е е е е ев е е е е е Өө 
"MERCURY.IN е өө. е е е е е е 9 
1 


15116 


ROTORS RPM STD =: 
"ТНЕТА 


"ВОМ. МО 
HOVER SHIT 
! 


ее ев е е е е в е е е е е е е в ев Өө е 0 е 6 е ө ев @ 8 @ 


'WT. START 
! 


COUNTER 09” , 
! 


۰ٰ ... 
1 


FK FE XK ЖЖЖ жк K K K K ж K K K K K K K KK K K K K K K K K K K K KK K K K K K K K K K K K K 


Program to reduce data from data on RPH at the Naval 
Postgraduate School in conjunction with thesis by R. 


P. 


ЖЖЖ KOK ко ж 2F 2K >K K KK K K K RK K K K K K >K >K K K K K ж K K RK K K K K K K K K K K K K K K K K K K K K 


DATE OF DATA 

AIR TEMPERATURE 

BAROMETRIC MEASUREMENT 
IN MERCURY INCHES 
STANDARD REFERENCE RPM 

T/TSSE 

P/PSSL 

DELTA/THETA 

DATA RUN NUMBER 

HOVER HEIGHT OF THE 
SKIDS ABOVE THE DECK 

STARTING WEI 

RPH AT EACH NEW 

HOVER HEIGHT 

MONSANTO DEGITAL COUNT 
NUMBER FOR RPM 

READING OF THE LOAD 
CELL 

RUN NUMBER (RUN.NO) 

HOVER HEIGHT (HOVER.HT) 

WEIGHT AT START OF DATA 
AT EACH HOVER HEIGHT 
(WT.START) 

COUNTER NUMBER 
(COUNTER.NO) 

LOAD CELL READING 
(ШОКЕ БТЕ 

ENGINE RPM 

ENGINE SHAFT HORSEPOWER 

ROTOR RPM 

EXCESS THRUST 

TEST WEIGHT - WEIGHT 
THE ROTOR SEES 
REFERRED ESHP 

REFERRED WEIGHT ^3/2 

COEFFICIENT OF THRUST 

COEFFICIENT OF 
THRUS^3/2 

POWER COEFFICIENT 
FIGURE OF MERIT 


'РЕОКМАТ $ 2 P 2 0 PRINTING FORMAT 
1жжжжжжжжжжжжжжжжжж DIMENSION STATEMENTS жжжжжжжжжжжжжжжжжжж 
рІМ А(50):01М В(50):01М ССэ 0 02 0тЕ 220 ПЕС 
DIM G(50):DIM H(50):DIM I( 50 +٦ 11 бо». 
0101 М(50):01М Н(50)“ 7+۰ 

Ue a ok ok 6 2k ok ok ok 2f OOK ARERR CONSTANTS жжжжжжжжжжжжжжжжжжжжжжжжжжжж 


БІ т ٦ 


ROTOR БА 9 11:22 "RADIUS OF MAIN ROTOR IN 

۲10.۰60 S ‘DENSITY OF АТК АТ SEATE EL 
SLUGS/FT^3 

OMEGA.CONVERSION = 1.047197E-1  'CONVERSION FROM RPM TO 
RADIANS/SEC 


AREA.DISC 2 PI*ROTOR.RADIUS"^2 
пжжжжжжжжжжжжжжжж ВЕСТИ РВОСВАМ жжжжжжжжжжжжжжжжжжжжжжжжжжж 


РЕОЕМАТ157-2: ## ## Ht FHF ТЕСТ 
4344: tt tHE #.###" ‘PRINT FORMAT 
PFORMAT2$ = " ff RETE ЕНЕВ 
tt HF EIE Ht tHE" 'PRINT FORMAT 
PFORMAT3$ = " #8 ВЕЕР #### ^^ 
S599 7^7 ## 220" "PRINT FORMAT 
КОф 


CLS? 07707 
INPUT"Do you want to input new data?  (Y/N)";ANS$ 


70+ پ ٰ0" ۹٣۸ضذ۸))‏ ت78 
CLS‏ 


GOTO К001 
ELSEIF ((CANS$="n") OR (ANS$="N")) THEN 
CES 
СОТО КООІВ 
ELSE 
BEER 
GOTO KOOLA 
END IF 
КОО1В: 'жжжжжжжжжжжжжжж inputs File data ЖЖжжжжжжжжжжжжжк 
LOCATE IOS 
PRINT"Remember the file name should be YYMMDD 
LOCATE 11915 
PRIN, where Y=year, M=month, and D=day 
LOCATE ЕВ 
INPUT"Input the file name of the stored data 
:", ЕТЬЕМАМЕ$ 
OPEN FILENAME$ FOR INPUT AS #1 
INPUT #1, DATEES , OAT MERGUR SIN 
ROTOR.RPM.STD 


1-0 
WHILE NOT EOF(1) 
1-141 
INPUT fl, ACL, BI CUT DT 
ЕСГ) 
WEND 
CLOSE TI 
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RUN.NO=A( I) 
SIGMA = (MERCURY.IN/29.92)/((OAT+273)/288) 
СОТО КОО? 
۳۷۷۰٠۰۰۰٠٠٢۶۰۶٠٦ of data from console ****** 
CLS 
LOCATE 10,5 
PRINT"INPUT THE FOLLOWING STARTING DATA 


БЕИ 

INPUT"DATE DATA TAKEN  (YYMMDD) CODATEES 
ЮЕШ тв ТВМРЕВАТОВЕ (DEG C) OAT 

INPUT BAROMETRIC PRESSURE (IN Hg) ) ҒЫ 


INPUT"STANDARD MAIN ROTOR RPM 
" ROTOR.RPM.STD 
КОО2: 
1 24,135 
INPUT DO YOU WANT TO MAKE ANY CHANGES? (Y/N)":ANS$ 
ШП 1--122 OR (ANS$="Y")) THEN 
CLS 
ОСА WO | 
GOTO KOOL 
ПИЕСИ ЗЕ п) OR (ANS$="N")) THEN 
CLS 
СОТО КООЗА 
ELSE 
ВЕЕР 
СОТО КОО2 


(ОА :273)/288 
MERCURY.IN/29.92 
SIGMA = (MERCURY.IN/29.92)/((OAT+273)/288) 
K003: 
LOCATE SS 
PRINT"INPUT 99 WHEN YOU NO LONGER WISH TO 
INPUT ОБАМА 1111" 
ГОСТЕ ОЭ 
PRINT” LAST RUN NUMBER ";RUN.NO 
UM [255 
INPUT"RUN NUMBER 
DSQUIRCK , CHECK 
ВЕТОК. НЕСК = 99) ТНЕК 
СОТО КООб 
ELSE 
HMM NOS OUEICK.CHECK 
END IF 
LOCATE. 13.5 
INPUT"HOVER HEIGHT OVER. HT 
LOCATE 14,5 
INPUT "BEGINNING WEIGHT pew. START 
LOCATE 15,35 
INPUT "MONSANTO COUNTER NUMBER ہہ‎ NO 


E 
ہتپ‎ 
[т] 
У 
>> 
и | 
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INPUT EOD CEL ۶5 + + + ٔ ص7‎ PS ODD CHINE 


K004: 
LOCATECSZA ۶۲ 
INPUT"DO YOU WANT TO MAKE ANY CHANGES? (Y/N)";ANS$ 
IF ((АМ55-"у") OR ۸+ 4 THEN 
CES 
RUN.NO = RUN.NO-1 
GOTO K003 
ELSEIF ((ANS$="n") 0К”(2э002 22020900 
СОТО КОО5 
ELSE 
ВЕЕР 
СОТО КОО4 
END IF 
K005: 
ACRUN.NO)=RUN.NO 
BCRUN.NO)=HOVER.HT 
CCRUN.NO)=WT.START 
DCRUN.NO)=COUNTER.NO 
ECRUN.NO)=LOAD.CELL 
CLS:GOTO K003 
K006: 
CLS 
FILENAME$=DATEE$ "Name of file 
is the date data taken 
OPEN FILENAME$ FOR OUTPUT AS #2 
PRINT £2, DATEES$, OAI: 
MERCURY SIN, ROTOR ETD 
FOR Is1 TO RUN.NO 
PRINT #2 8) 
BCI CCL), DOT DE 
NEXT I 
CLOSE £2 
K007: 
DEF FNWEIGHT (A) 
ТЕ Дао ЗЕ г EN 
FNWEIGHT = (A-0.187)/1.13 
ЕБФЕГЕ СА АО 04 + 701 
ЕММЕІСНТ + ((А-1.317)/1.121)+1 
٣ ذبا]‎ 2 2 281111 
FNWEIGHT = ((A-2.438)/1.149)+2 
1 СЕ. ГОУ) THEN 
ЕММЕІСНТ =((А-3.587)/1.12)+3 
۰ САСО 6 THEN 
FNWEIGHT = ((A~4.707)/1.15)+4 
ELSEIF (A<6.194) THEN 
FNWEIGHT = (((A-5.857)/0.35375 O. TSS 
ЕТ 5ЕТЕ ۶) 70 
FNWEIGHT = ((A-6.194)/1.121)+5.315 
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٢۸۹ ٰ ر0‎ THEN 

ЕМИЕТСНТ = ((А-7.315)/1.145)+6.315 
ELSEIF (A«9.578) THEN 

FNWEIGHT = ((А-8.460)/1.118)+7.315 
ЕМ зБйш 2010 72:22 ТНЕХ 

FNWEIGHT = ((A-9.578)/1.146)4+8.315 
ВЕРЕ САТО. 348) ТНЕМ 

FNWEIGHT = ((A-10.724)/1.124)+9.315 
ЕЕӘЕТЕ (55122970) THEN 

FNWEIGHT = ((A-11.848)/1.120)+10.315 
СЕБЕК (АСВА ТОЯ) THEN 

FNWEIGHT = ((A-12.970)/1.134)411.315 
ЕШ 10157220) ТНЕХ 

FNWEIGHT = ((A-14.104)/1.116)+12.315 
ELSE CASCIO THEN 

БЕТЕН = ((А-15.220)/1.142)+13.315 
8۶" ہہ‎ 47 THEN 

ЕГКЄЕГ  816-” (140 262)/1:118)-14.315 
EL- EIF (A<18.597/) THEN 

FNWEIGHT = ((A-17.480)/1.117)415.315 
ELSEIF (A<=19.663) THEN 

FNWEIGHT = ((А-18.597)/1.066)+16.315 
2 

CCS: LOGATE 12.0 

PRINT"Load cell not calibrated beyond a reading of 


19.66 mv." 
END IF 
END DEF 
K009: 
FOR Z= TO RUN NO 
C(Z) = FNWEIGHT(C(Z)) STARTING WEIGHT IN LBS 
E(Z) = FNWEIGHT(E(Z)) WEIGHT THE LOAD CELL 
SHOWS IN LBS 
F(Z) = D(Z)*6 "ENGINE RPM 


"жжжжжж ЕСЦНр жжжжжж 
221122 11-232Е(7)-0.363)/746Е-3 
'жжжжж* ROTOR RPM *** 
А ЕЕ 5 
Wa EXCESS THRUST **+ 
2 2021-1027) THRUST EXCESS S WEIGHT 
- LOAD CELL WEIGHT 
"жжжжж ТЕСТ НЕТСНТ Ужжжжжж 
ЛЭ 102) - 002) DDUSTOWERGHIT = THRUST 
EXCESS + WEIGHT 
"жжжжж ЕСНР REF жжжжжжжжж 
но (Си ЗОНА у ХССВОТОВ „ВРМ.5ТО/Н(7))“ 3) 
ижжжжж WEIGHT REF KH Fk Fk kk KK 
E Czy SIGMA)*(CROTOR.RPM.STD/H(Z))*2)) "1.5 
Ecc THRU COEFFICIENT ****** 
M(Z) = 
CRG SIGMA) *(17C( OMEGA .CONVERSION*ROTOR.RADIUS*H(Z)) 2))*(1 
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/ AREA. DISC) *( L/RHO.SSL) 
'жжжжж ТНРОЗТ СОЕРРТСТЕМТ ^3/2 жжжжжж 
МС) О E 
"жжжжж POWER COEFFICIENT жжжжэжж 


Од = 
550*G(Z)/SIGMA*(1/AREA.DISC)*(1/(COMEGA.CONVERSION*ROTOR.RAD 
1075 Н(7 ции СИН СИНИ 

гэжжж FIGURE OF MERIT **=* Да 
P(Z) = 01702" N ( O 70( 2) 
NEXT "z 
1жжжжжжжжжжжжжжжжжжжжжж data to line printer *********** 
КОТО: 
LPRINISEPRENT 


LPRINT" DATE: ";DATEE$" OAT: OAT "БЕШ 
BAROMETER: '";MERCURY.IN 

LPRINT 

яи Eg ## ЇЇ. ЛҮҮ ## .## 

ғанын ВЕ. НЯ РОН" ‘PRINT FORMAT 

LPRINT" RUN SKTDEME 1 LOAD 
WEIGHT EXCESS 

LPRINT" NUMBER HEIGHT 0 + CHN ESHP 
TEST THRUST 

LPRINT" (in) (1bf) (mV) (HP) 
(1bf) (lbf) 


FOR 0-1 ТО RUN NO 
LPRINT USING 


PFORMAT1$;A(Q);B(Q);C(Q) ;E(Q2;6(0) JCQ) 5 ICQ) 
IF (Q>24) THEN GOTO К011 


NEXT Q 

КОЛЕ 

LPRINT 

ОР # # # # # # "ETE ян 

ғайын 121113 '"PRINT FORMAT 

LPRINT" RUN COUNTER ENGINE ROTOR 
ESHP WEIGHT 

7 8 ۳ NUMBER NUMBER RPM RPM 
REF КЕН 0 


FOR Q-1 TO RUN.NO 
LPRINT USING 
РЕОКМАТ2554(0),0С0ууЕС Ут  ٔ ٣۳ 
IF (Q>24) THEN GOTO K012 
NEXT Q 
LPRINT CHR$(12) 
LPRINT:LPRINT 


0 и DATE: "DATES OAT: "OAT; DEG C 
ВАВОМЕТЕВ: ";MERCURY.IN 
LPRINT 
ги # Ф иде ла гс 
PESE ^^^ Het? " "PRINT FORMAT 
0000000 RUN THRUST THRUST POWER 
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FIGURE 


LPRINT NUMBER ВИЕ COEFF CORE 
OF MER TT 
р Er 


FOR Q=1 TO RUN.NO 
LPRINT USING 
PFORMAT3$;A(Q),M(Q),N(Q),0(Q), PCQ) 
NEXT Q 
LPRINT Ше 
END "жжжжжжжжжжжжжжжжжжжж 1ОТ END «жжжжж ж жж жж ok OK OK OK Ok Ok 
КО12: 
LPRINT CHR$(12) 
ШРЕК ES PROINT 


LPRINT" DATE: ";DATEE$" OAT: "SOAT;"DEG C 
BAROMETER: "; МЕВСОВУ. ТМ 

LPRINT 

"nU HI ## ER. ВЕ. ЕЕ 

#.### ##.### n ee PRINT FORMAT 

LPRINT" RUN SKID START LOAD 
WEIGHT EXCESS 

LPRINT" NUMBER HEIGHT WEIGHT CELL ESHP 
THOT THRUST 

LPRINT" (in) (lbf) (mV) (HP) 
(158) (158) 


FOR Q=26 TO RUN.NO 
LPRINT USING 
aor 22 20эө0072:0(02:ЕС07:6(0):40(0):1(0) 


NEXT Q 

KOL: 

LPRINT 

ын # # # # # # ННІ нн 

GEZI 22811134 ' PRINT FORMAT 

LPRINT" RUN COUNTER ENGINE ROTOR 
ESHP WEIGHT 

LERINT" NUMBER NUMBER RPM RPM 
REF REF ^3/2 


FOR Q=26 TO RUN.NO 
LPRINT USING 
PFORMAT2$;A(Q);D(Q);F(Q);H(Q);K(Q);L(Q) 
NEXT Q 
FPPPAPACHR5(12) 
LPRINT:LPRINT 
РЕГ"! 70 7۳ھ "ہپ‎ 80۸۷۰۰۷۷۰۰۸۰۰6۳ 
BAROMETER: ";MERCURY.IN 


ГРЕЯ 
йн # # НИНА Сета НИНА Ст“ 
НИНА тт“ вне сг ۹۷۲۳ 
МЕЕ КОМ THRUST THRUST POWER 
FIGURE 
ПРЕ: NUMBER COEFF COEEE COERE 
OF TT 


St 


LPRINT" 34 
FOR Q=1 TO 707 
LPRINT USING 
PFORMAT3$;A4(0),M(Q),N(Q),0(Q) , P(Q) 
NEXT Q:LPRINT:LPRINT CHR$(12) 


ЕМ) "жжжжжжжжжжжжжжж END END END °* * * * * * * f f f f f f XK kK 
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